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PROCESS FOR THE PREPARATION OF
(PER) FLUORINATED MONO-FUNCTIONAL
CARBONYL COMPOUNDS

The present invention relates to a process for preparing
(per)fluorinated mono-functional carbonyl compounds 1n
high yields, starting from (per)tluorinated di-functional car-
bonyl compounds.

Various methods for obtaining (per)fluorinated mono-
functional carbonyl compounds are known.

U.S. Pat. No. 3,113,967 describes the synthesis of per-
fluoromono-acyl-fluorides by condensation of COF, with
pertluoroolefins. In the reaction, as catalysts, salts capable to
make available the 1on fluoride are used and optionally
dipolar aprotic solvents can be used. This process has the
drawback to be limited by the need to have available cheap
fluoroolefins. Besides, the Examples show that high yields
are obtained only when one operates in the presence of a
solvent.

U.S. Pat. No. 3,250,808 describes pertluoromonoa-
cyltluvorides of formula Ri;, O[CF(CF;)CF,O] CF(CF;)C
(O)F wherein nI=100, and the process for their preparation.
The synthesis has the drawback to require the use of the
perfluoropropene epoxide (HFPO), which must be previ-
ously prepared by controlled perfluoropropene oxidation. A
turther drawback 1s that a dipolar aprotic solvent must be
used at the anhydrous state.

U.S. Pat. No. 6,013,795 describes a new class of fluoro-
alkylcarbonyl compounds alpha branched to carbonyl. Said
compounds, preferably having at least 8 carbon atoms, are
synthesized starting from the corresponding hydrogenated
precursors according to the classic fluorination methods with
F,, or the electrochemical route with HF. The drawback of
this process 1s that in the fluorination high amounts of
fluorine per mole of synthesized pertluoroacylfluoride must
be used. Besides, 1n some cases, for example when oxygen
atoms are present 1n the starting compound, the hydrofluoric
acid formed during the fluorination causes the decompostion
of the molecule to be fluoriated.

U.S. Pat. No. 3,847,978 describes the preparation of
pertluoropolyether acylfluorides of formula AO(CLFO), .-
(C,F,0),,{CF,0) ,—B wherein A and B equal or differ-
ent from each other can be: —CF,, —C(O)F, —CF,C(O)F,
—CF(CF,)C(O)F, —CF,C(O)CF;. The process requires the
reduction of a peroxidic linear pertfluoropolyether polymer
of formula: A-O (C,F.0)_{C,F,0), ;{CF,0), {O) ;;—
B, wherein A and B have the above meaning. The Examples
show that the process has a high selectivity for obtaining
perfluoropolyether diacylfluorides (acylfluoride groups in
both end groups A and B), while the selectivity 1s poor for
the monofunctional acylfluoride derivatives.

EP 754,670 describes mono-hypotluorite compounds of
tormula FC(O)—R{,,—CF,OF, wheremn Ri,,; 1s a C,-C,,
perfluoroalkylene or perfluorooxyalkylene chain having a
molecular weight in the range 100-2,000, and the process for
the preparation thereof. The process requires the hypotluo-
rite synthesis i liquid phase, 1n the presence of a catalyst,
by fluorination of diacylfluorides at temperatures in the
range from —-40° C. to +40° C. The used catalysts are the
salts of general formula MeF, .zvHF, wherein Me 1s an
alkaline or alkaline-earth metal, for example KHF, or
CsHE,. In the patent it 1s shown that by using an alkaline or
alkaline-earth metal fluoride catalyst of formula MeF , only
bis-hypofluorites are obtained. In particular in the compara-
tive Examples 1t 1s shown that by using 1n the reaction CsF

10

15

20

25

30

35

40

45

50

55

60

65

2

or KF, by operating at the temperature of —10° C., a mixture
formed of bis-hypotluorites and starting reactants 1s
obtained.

The need was felt to have available a synthesis of (per)
fluorinated mono-functional carbonyl compounds to be
made 1n a semicontinuous and continuous way, even in the

absence of a solvent, having better yields of mono-func-
tional carbonyl (per)fluorinated compounds.

The Applicant has surprisingly and unexpectedly found a
process for preparing monocarbonyl (per)tluorinated com-
pounds solving the above technical problem.

It 1s an object of the present invention a process for the
synthesis of (per)fluorinated mono-functional carbonyl com-
pounds having the following formula:

F—A

(Rp)—B—C(O)X, (D)

wherein:

X,=F, CFj;;

t=0, 1;

A, B equal to or diflerent from each other, can indepen-
dently be C,-C; (per)tfluoroalkylene groups or linear or

branched C, -C; (per)fluorooxyalkylene groups, option-
ally containing one or more Cl and/or H atoms;

R~ 1s selected from the following groups:

—RI;,—, —OR{,0— wheremn Ri,=C,-C,, pertluoro-
alkylene; —ORI1,—, wherein Rf, 1s a perfluorooxy-
alkylene chain containing one or more of the following
units statistically distributed along the backbone:

(CiFO), selected between (CF,CF(CF3)O) or (CF
(CF;)CF,0);

(CFX,0) wherein X, 1s F or CFj;

(C,F,L0);

(CF,(CF,) , CF,O) wherein x' 1s an integer equal to 1
or 2;

(CR,R.CF,CF,O) wherein R, and R, are equal to or
different from each other and selected between H, CI,
and wherein one fluorine atom of the perfluorom-
cthylene unit can be optionally substitued with H, Cl

or (per)fluoroalkyl, having for example from 1 to 4
carbon atoms:;

wherein the carbonyl groups of a (per)fluorinated di-
functional carbonyl compound of formula:

X5(0)C—A—Rz)—B—C(O)X, (I1I)

wherein:
X,, Ro, 1, A and B have the above meanings;

X, equal to or different from X,, has the same mean-
ings as X,;

are tluorinated with elemental fluorine 1n the presence of

a catalyst based on metal fluorides having formula

MeFy.zHF, Me being an alkaline or alkaline-earth

metal or Ag, y=1 or 2, z an integer from 0 to 4, z
preferably being 0 or 1, particularly preferred z=0,

carrying out the reaction at a temperature such that it leads
to the formation of C(O)FX, wherein X, 1s as above, said
fluorination being carried out by using a fluorine amount at
most equal to that necessary to obtain the total conversion of
the starting compound (I11).

It 1s clear that the fluorination reaction can be carried out
also using a tluorine amount higher than that above defined.
However working 1n this way, a yield reduction can take
place.
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In practice, in the mvention process, the (per) fluormated
mono-hypotluorite compound of formula

FO—CFX,—A——(Rp) —B—C(O)X, (1)

wherein X,, X,, A, B, R5 t are as above, immediately s
decomposes since the reaction temperature 1s at least equal
to, preferably higher than the decomposition temperature of
the monohypofluorite (1I).

The 1invention process follows the reaction scheme:

10

X,(0)C—A— Rp)—B—CO)X; (III) + F, ----- -

F—A— Rpy—B—CO)X; (I) + C(O)FXo.
15

Preferably when =0 and X,=X,=F, A or B 1s diflerent

from —CF,—.

The preferred A and B groups 1n the formulas (1)-(I1I) are
selected from the following: 20
—CF,—, —CF(CF,)—, —CF.CF,—, —CF,CF,CF,—,
—CF,CF(CF ;)—, —CF(CF;)CF,—, —CF(OCF;)—,

—C(OCF,;)y,—, —C(CF;) (OCF,)—.
Preferably, when R.=—OR1,—, the perfluorooxyalky-
lene chain Ri, 1s selected from the following:

a')  —(CF,CF,0),,(CF,0),(CF,CF(CF)0),(CF(CF;)0),
(CF,CF.,CF,0),—,

b') —(CF,0),(CF,CF (CF5)0), (CF(CF;)0) —,

c¢') —(CF,CF,0),,(CF,0),—,
wherein:
m 1s comprised between 0 and 100, extremes included,
n 1s comprised between 0 and 100, extremes included,
p 1s comprised between 0 and 60, extremes 1ncluded, 35
q 1s comprised between 0 and 60, extremes included,
r 1s comprised between 0 and 60, extremes 1included,

25

30

m+n+p+q+r being=0 and the number average molecular
weight of —ORI1,—in the range 16-12,000, preferably 16-6,
000, still more preferably 60-4,000.

In particular 1n the formula ¢') m and n, independently the
one from the other, have the above values and, preferably,
when m and n are both present, are such whereby m/n ranges
from 0.2 to 12 with a number average molecular weight of
—OR{,— within the above values.

The reaction temperature ranges from 0° C. to +300° C.,
preferably from +40° C. to +200° C.

The process can be carried out 1n the presence or 1n the
absence of solvents, inert under the reaction conditions,
preferably in the absence of solvents.

When solvents are used, they are selected for example
among the following: C,F,, C,F.(cycle), C,F.O(ether),
C,F,,O(ether), CF,O(CF,),—CF,, CF,, C,F., pertluo-
ropolyethers. 55

The fluorine conversion 1s generally higher than 80%.

The invention process 1s carried out 1n a semicontinuous
or 1n a confinuous way in an only reactor.

The gaseous fluorine, optionally diluted with a gas inert
under the reaction conditions, for example nitrogen and gq
helium, 1s fluxed at the above temperatures until obtaining
the desired conversion percentage of the mnitial carbonyl end
groups, in the range 5-90%, preferably 10%-80%.

The conversion percentage of the initial carbonyl end
groups can for example be determined by '"F-NMR. 65
The most preferred metal fluoride catalysts, as said, have

in the formula MeFy.zHF z=0, 1.e. they do not contain
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hydrogen atoms 1n their formula. In particular as preferred
catalysts the following catalysts are mentioned:

alkaline or alkaline-earth metal fluorides selected from the
following: CsFE, KF, RbF, LiF, NaF, CaF,, BaF,, MgF ,,
Srl;

Agl;

said catalysts can be used as such, or mixed with each other
or optionally supported on porous material.

As porous support material, 1t can be used the porous
materials available on the market and inert under the reac-
tion conditions. AlF, can for example be mentioned.

The preferred metal fluorides are CsFE, KF, NaF, CAF..

-

T'he catalyst can be used for long periods in the process
according to the present mnvention, without the need to be
regenerated.

The % weight ratio between the catalyst and the com-
pound of formula (III) 1s from 0.01% to 13%, preferably
from 0.5% to 10% .

The fluorination reaction can be carried out at a pressure
equal to or higher than the atmospheric pressure, for
example up to 5 atmospheres.

From a practical point of view, to determine the process
temperature, one determines first the temperature T,, decom-
position temperature of the hypofluorite of formula (II), by
heating slowly, for example 1° C./min, a sample of the
monohypofluorite (II) and detecting, by IR analysis, the

appearance of the peaks corresponding to the species C(O)
FX, (COF,, signals at 1928, 1944, 1956 cm™' and/or

CF.COF signal at 1898 cm™"). See the Examples. The
process temperature, as said, must be equal to or preferably
higher than the decomposition temperature T, of the hypoi-
luorite of formula (II).

In the semicontinuous process the gaseous fluorine,
optionally diluted with a gas inert under the reaction con-
ditions as above indicated, 1s fed at the reaction temperatures
in the suspension containing the catalyst and the di-func-
tional carbonyl compounds (I11I). The fluorine 1s fed until
obtaining the desired conversion percentage of the starting
carbonyl end groups into the above range, forming neutral
F—A— end groups (perfluoroalkyl or perfluorooxyalkyl) of
formula (I) as above defined.

The yield 1n neutral perfluoroalkyl or pertluoro-oxyalkyl
end groups with respect to the converted carbonyl end
groups 1s higher than 90%, preferably higher than 95%.

At the end of the reaction, the reaction compounds are
separated from the catalyst and from the optional solvent by
using known separation methods, as, for example, filtration,
distillation or stripping under vacuum.

In the continuous process the fluorination reaction can be
carried out by separately feeding on the catalyst gaseous
fluorine, optionally diluted with an 1nert gas selected among
those above mentioned, and the di-functional carbonyl (per)
fluorinated compound (I1I).

The reaction raw product, containing the unreacted di-
functional carbonyl compounds, the mono-functional car-
bonyl compounds and those having both the end groups
neutral, 1s continuously taken from the reactor bottom and
optionally recycled in the same reactor, repeating the inven-
tion process until obtaining the desired conversion percent-
age of the starting carbonyl end groups into neutral F—A—
end groups. This percentage 1s 1n the range mentioned above
for the semicontinuous process.

The final raw reaction product is collected and the prod-
ucts separated and purified, for example by distillation.
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The continuous process has the advantage that the final
product 1s easily separated from the catalyst.

With the invention processes one can operate even under
such conditions that in the reaction mixture the (per)tluori-
nated di-functional carbonyl compounds of formula (III) are
substantially absent, by using the minimum fluorine amount
necessary to obtain the total conversion of the starting
compound (III). See the Examples.

The total conversion of the starting compound 1s deter-
mined by GC/MS analysis, until disappearance of the start-
ing compound.

The fluorination reaction can be carried out also using an
amount of fluorine higher than that above defined. However
working 1n this way can bring to a yield reduction. The
complete conversion of the perfluorinated di-tfunctional car-
bonyl compounds of formula (III) in the reaction mixture 1s
particularly usetul from the industrial point of view since it
allows an easy separation of the (per)fluorinated mono-
functional carbonyl compounds of formula (I) from the
reaction mixture; to separate the compound (I) 1t 1s prefer-
able to transform it into 1ts functional derivatives, {for
example acids, esters, or amides, preferably acids.

The (per)fluorinated di-functional carbonyl compounds of
formula (III) can be prepared by synthesis of the peroxidic
raw product and subsequent reduction. The peroxidic raw
product synthesis 1s carried out by oxidative polymerization
of fluoroolefins, 1n particular C,F and/or C,F ,, with oxygen
at a low temperature 1n the presence of UV light or of a
radical inmitiator, as described for example in patents GB
1,189,337, GB 1,104,482, U.S. Pat. No. 3,683,027, U.S. Pat.
No. 3,175,378, U.S. Pat. No. 5,149,842, U.S. Pat. No.
5,258,110, U.S. Pat. No. 5,488,181.

The reduction of the peroxidic raw product 1s carried out
with hydrogen on a suitable catalyst containing palladium to

give di-functional carbonyl perfluoropolyether compounds,
for example as described 1 U.S. Pat. No. 3,847,978, U.S.

Pat. No. 6,127,498. Furthermore the di-functional carbonyl

compounds are obtamnable by direct fluorination, as
described for example in U.S. Pat. No. 5,488,142.

The catalysts used in the present invention process are
known 1n the art. U.S. Pat. No. 4,827,024, U.S. Pat. No.
4,499,024, EP 754,670, Ruft J. K. et al., J. Am. Chem Soc.
88:19 (1966), 4531-4532; Lustig et al., J. Am. Chem. Soc.
89:12 (1967), 2841-2843; Hohorst A. et al., J. am Chem Soc.
89:8 (1967), 1809-1810 can be mentioned.

The preferred di-carbonyl (per)fluorinated compounds of
tormula (III) to carry out the invention process are selected
from the following;:

X,(O)CCFY ,—O(CF,0),(CF,CF(CF,)0),(CF (CF;)0),—
CFY,C(O)X,,

X,(0YCCFY,—O(CF,CF,0) (CF,0) —CFY,C(O)X,,

wherein:

X,, X,, equal or different, are as above,

Y,, Y,, equal or different, have the X, meaning,

m, n, p, q are as above. Still more preferred among the
formula (III) compounds are the following:

F(O)CCF,O(CF,0),—CF,C(O)F,
F(O)CCF,O(CF,CF,0) — CF.C(O)F,
F(O)CCF,O(CF,CF,0) (CF,0), —CF,C(O)F,
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wherein m and n are as above defined. Among the com-
pounds of formula (III) the following ones are further
preferred:

F(O)CCF,OCF.,C(O)F, F(O)CCF,OCF,OCF,C(O)F,
F(O)CCF,OCF,CF,OCF,C(O)F,

F(O)CCF,OCF,OCF,CF,OCF,C(O)F,
CCF,OCF,OCF,OCF,C(O)F,

F(O)CCF,OCF,CF,OCF,CF,OCF,C(O)F.
The preferred mono-functional carbonyl (per)fluorinated
compounds of formula (I) are the following:

CF,—O(CF,0),(CF,CF(CF,)0) (CF(CF,)0),—CF,C(O)
F,

CF,CF,—O(CF,0),(CF,CF(CF,)0),(CF(CF,)0)_—CF
(CEF;)C(O)E,

CF,CF,—O(CF,0),(CF,CF(CF,)0),(CF
CF,CF,C(O)F,

CF,—O(CF,CF,0) (CF,0) —CF,C(O)F,
CF,CF,—O(CF,CF,0) (CF,0), —CF(CF,)C(O)F,
CF,CF,—O(CF,CF,0) (CF,0) —CF,CF,C(O)F,

F(O)

(CF3)0),—

wherein m, n, p and q are as above. The following formula
(I) compounds are still more pretferred:

CF,OCF,C(C)F, CF,OCF,OCF,C(O)F.
CF,OCF,CF,OCF,C(O)F,

CF,OCF,OCF,CF,OCF,C(O)F,
CF,OCF,CF,OCF,OCF,C(O)F,

CF,OCF,OCF,OCF,C(O)F,
CF,0OCF,CF,OCF,CF,OCF,C(O)F.

It has been surprisingly found by the Applicant that 1t 1s
possible to use the alkaline or alkaline-earth metal fluoride
catalysts as above defined to obtain the mono-functional
carbonyl (per) fluorinated compounds of formula (I) by
fluorination according to the mmvention process of di-func-
tional carbonyl (per)fluorinated compounds of formula (III).
This 1s quite unexpected since according to the above prior
art these catalysts are not useful to obtain (per)fluorinated
mono-functional carbonyl compounds (I) from (per) fluori-
nated di-functional carbonyl compounds (III).

Furthermore it has been surprisingly found by the Appli-
cant that said catalysts can be used for long periods of time,
without being regenerated, even operating in the same
reactor wherein the hypotluorite decomposition takes place.

The perfluorinated mono-functional carbonyl compounds
are 1mportant compounds in the chemical industry. The
pertluorinated mono-acyl fluorides can be transformed 1nto
other functional groups as acids, salts, esters, amides, ethers.
Said derivatives are usefully employed as surfactants or
additives, or as intermediates for the synthesis of various
fluorinated derivatives.

Furthermore mono-acylfluorides are useful compounds
for the preparation of pertluorovinylethers by the fluorina-
tion to the ccorresponding hypotluorites and subsequent sum
to (per)-fluoroolefins, for example CFCl=CFCI. Said
monomers are used in the synthesis of fluoroelastomers and
fluoroplastomers.

Besides, mono-acyl fluorides are used for the preparation
ol pertluorodiacyl-peroxides, polymerization initiators use-
tul for obtaining tfluoropolymers having perfluorinated end
groups.

The {following non limitative
invention.

Examples 1llustrate the
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EXAMPLES

Example 1A
Comparative

Determination of the decomposition temperature T, of
hypotluorites obtained by fluorination of the corresponding,
diacylfluorides F(O)CCF,O—(CF,CF,O) (CF,0) —CF,C
(O)F (IITA) number average MW (MN) 620 on CsF catalyst
at the temperature of —10° C.

In a 10 cc metal reactor equipped with internal thermo-
couple there are introduced 1.0 g of CsF catalyst (Aldrich®,
titre 99.9%), which 1s dried by heating under vacuum at 200°
C. for two hours and successively fluorinated at 400 mbar
(4x10” Pa) of fluorine at the temperature of 150° C. for 2
hours. After elimination of the residual fluorine, 2 mmoles of
diacylfluorides are introduced, having formula:

F(O)CCF,O—(CF,CF-0), (CF,0),—CF,C(O)F (ITIA),
number average MW (MN) 620, m/n ratio=4.30 and func-
tionality in —COF end groups of 1.82 and functionality in
—CF,CF; end groups of 0.18, determined by NMR. The
diacylfluoride has been prepared as described in U.S. Pat.
No. 5,258,110 and U.S. Pat. No. 3,847,978.

After cooling 1n liquid nitrogen (-196° C.), the optional
uncondensable products (N, O,) stripped, 1.82 mmoles of
fluorine are added and the reaction mixture 1s brought to
—10° C. and maintained at this temperature for 4 hours. It 1s
cooled to -196° C. and 1t 1s noticed that the fluorine
conversion 1s complete. The reaction mixture 1s then let
reach —10° C. without vanation of the internal pressure,
which indicates that the hypofluorites formed under said
conditions are stable. Then the temperature 1s slowly
increased, with a gradient of 1° C./min. under temperature
and internal pressure control. At the temperature of about
40° C. 1t 1s observed the decomposition of the obtained
hypotluorites whith exothermal reaction and COF, forma-
tion, as detected by IR analysis of the gaseous phase.

Example 1B
Comparative

Determination of the decomposition temperature T, of
hypotluorites obtained by fluorination of the corresponding
diacylfluonides F(O)CCF,O—(CF,CF,O)_(CF,0), —CF,C
(O)F (I11B) number average MW (MN) 460 on CsF catalyst
at the temperature of —10° C.

The Example 1A i1s repeated by using the above dia-
cyltluoride. The decomposition temperature results of about
40° C.

Example 1

Syntesis 1 a semicontinuous way of monoacyltluoride
CF,0—(CF,CF,0), (CF,0), —CF,C(O)F by performing
the fluorination of the corresponding diacylfluorides over
CsF catalyst at the temperature of 90° C.

In a 420 cc metal reactor equipped with reflux condenser,
mechanical stirrer and internal thermocouple there are intro-
duced 12.5 g of CsF catalyst (Aldrich®, titre 99.9%), which
1s dried under inert gas stream at the temperature of 200° C.
for 4 hours and successively fluormated with 1 Nl/h of F,

diluted with 1 Nl/h of He at the temperature of 150° C. for
4 hours.
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After elimination of the residual fluorine, 100 g (0.161
moles) of diacylfluoride (IIIA) are introduced, having for-
mula:

F(O)CCF,O—(CF,CF,0) (CF,0),—CF,C(O)F (ITIA),
average number MW (MN) 620, m/n ratio=4.30 and func-
tionality in —COF end groups of 1.82 and functionality in
—CF,CF, end groups of 0.18, determined by NMR. The
diacyltluyoride has been prepared as described 1n U.S. Pat.
No. 5,258,110 and U.S. Pat. No. 3,847,978.

The reaction mixture 1s brought to 90° C. by a thermo-
static o1l bath and the reflux condenser temperature at the
reactor head to —-30° C. by means of an external cryostat. A
mixture formed of 0.5 liters/h (I/h) of elemental fluorine
diluted with 0.5 liters/h of helium 1s fed for a total fluorine
amount of 0.19 moles.

The reaction 1s followed by analyzing the gases outflow-
ing from the reactor by IR and GC analyses which show
COF, formation and the presence of fluorine.

When the reaction 1s over, the formed products, separated
by filtration from the catalyst, are analyzed by '"F-NMR
analysis. The conversion of mitial —COF end groups to
quantitatively give —OCEF; groups 1s 54% with an yield of
the fed tfluorine of 81%.

The GC/MS and GC analyses, that throughout the
examples ol the present invention have been performed
through the corresponding methyl esters, have shown the
presence of the following reaction compounds a) (monoa-
cylfluoride) and b) (neutral perfluoropolyether) together
with the starting unreacted diacylfluorides ¢) in the follow-
ing relative molar percentages, determined by gaschro-
matography:

6%
23%
21%

a)  CF,0—(CF,CF,0). (CF,0).— CF,C(O)F
b)  CF,0—(CF,CF,0). (CF,0).— CF,
¢)  F(O)CCF,0—(CF,CF,0),(CF,0),—CF,C(O)F

The yield of the monoacylfluorides a) calculated with
respect to the mitial converted diacylfluorides 1s 71%.

The reaction compounds are separated by fractional dis-
tillation.

Characterization of the products: '"F-NMR

“F-NMR spectrum in p.p.m. with respect to CFCl,
(p.p.m.=0): 13.2 (1F E(O)CCF,OCF,0—); 13.0 (1F E(O)
CCF,OCF,CF,0—); =51.7, =353 (2F —OCE,0O—); -56.2
(3F CE,OCF,.CF,0—); -57.8 (3CE,OCF,O0—); -87.5
(3F CE,CF,0—); -88.4, -90.7 (4F —OCF,CE,O—).

The conditions used in this Example and the obtained
results are summarized 1n Table 1.

Example 2

Syntesis 1 a semicontinuous way of monoacylfluoride
CF,O0—(CF,CF,0) (CF,0),—CF,C(O)F by performing
the fluormation of the corresponding diacylfluorides over
CsF catalyst at the temperature of 90° C.

In a 620 cc metal reactor equipped with retlux condenser,
mechanical stirrer and internal thermocouple there are intro-
duced 25 g of CsF catalyst which 1s activated as described
in the Example 1.

After elimination of the residual fluorine, 500 g (0.806
moles) of diacylfluoride (IIIA) are introduced, then the
reaction mixture 1s brought to 90° C. by a thermostatic o1l
bath and the reflux condenser temperature at the reactor top
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to =30° C. by means of an external cryostat. A mixture
formed of 1.5 liters/h (I/h) of elemental fluorine diluted with
0.5 liters/h of helium 1s fed for a total fluorine amount of
1.11 moles.

The reaction 1s followed by analyzing the gases outtlow-
ing from the reactor by IR and GC analyses which show
COF, formation and the presence of fluorine.

When the reaction 1s over, the formed products, separated

by filtration from the catalyst, are analyzed by '"F-NMR
analysis. The conversion of mitial —COF end groups to

quantitatively give —OCEF; groups 1s 73% with an yield of
the fed fluorine of 96%.

The GC/MS and GC analyses have shown the presence of
the starting unreacted diacylfluorides ¢) and the formation of
the following compounds: monoacylfluoride a) and neutral
perfluoropolyether b), whose formulas have been reported in
the Example 1.

The corresponding molar percentages, determined by
gas-chromatography, are the following: a) 48%, b) 51%, c)
1%.

The vield of the monoacylfluorides a) calculated with
respect to the 1mitial converted diacyltluorides 1s 48%.

The reaction compounds are separated by fractional dis-
tillation.

Characterization of the products: '"F-NMR

PF-NMR spectrum in p.p.m. with respect to CFCl,
(p.p.m.=0): 13.2 (1F F(O)CCF,OCF,0—); 13.0 (1F E(O)
CCF,OCF,CF,0—); =51.7, =553 2F —OCE,O0—); -56.2
(3F CE,OCF,CF,0—); -57.8 (3F CE,OCF,0—); -87.5
(3F CE,CF,0—); -88.4, -90.7 (4F —OCE,CE,O—).

The conditions used 1n this Example and the obtained
results are summarized 1n Table 1.

By comparing the data of the Example 2 with those of the
Example 1 it 1s noticed that in the Example 2 in the reaction
products the starting diacylfluoride 1s substantially absent.
This 1s particularly usetul from an industrial point of view
since 1t allows an easy separation of compound a) from the
reaction mixture.

Example 3

Syntesis 1n a semicontinuous way ol monoacylfluoride
CF,O0—(CF,CF,0), (CF,0O),—CF,C(O)F by performing
the fluormnation of the corresponding diacyltluorides over
CsF catalyst at the temperature of 65° C.

In a 620 cc metal reactor equipped with reflux condenser,
mechanical stirrer and internal thermocouple there are intro-
duced 5 g of CsF catalyst which 1s activated as described 1n
the Example 1.

After elimination of the residual fluorine, 200 g (0.435
moles) of diacyltluoride are introduced, having formula:

F(O)CCF,O—(CF,CF,0), (CF,0),—CF,C(O)F (IIIB),
average number MW (MN) 460, m/n ratio=4.50 and func-
tionality in —COF end groups of 1.82 and functionality in
—CF,CF, end groups of 0.18, prepared as indicated in
patents mentioned 1n the Example 1.

After the reaction mixture has been brought to 63° C. by
a thermostatic o1l bath and maintaining the reflux condenser
temperature at —30° C. by means of an external cryostat, a

mixture formed by 1.0 liters/h (I/h) of elemental fluorine
diluted with 0.5 liters/h of helium 1s fed for a total fluorine
amount of 0.54 moles.
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The reaction 1s followed by analyzing the gases outflow-
ing from the reactor by IR and GC analyses which show
COF, formation and the presence of fluorine.

When the reaction 1s over, the formed compounds, sepa-
rated by filtration from the catalyst, are analyzed by '“F-
NMR analysis. The conversion of 1nitial —COF end groups
to quantitatively give —OCF, groups 1s 59% with an yield
of the fed fluorine of 86%.

The GC/MS and GC analyses have shown the presence of
the starting unreacted diacylfluorides ¢) and the formation of
the following compounds: monoacylfluoride a) and neutral
pertluoropolyether b), whose formulas have been reported in
the Example 1.

The corresponding molar percentages, determined by
gas-chromatography, are the following: a) 69%, b) 28%, c)
3%.

The vield of the monoacylfluorides a) calculated with
respect to the iitial converted diacylfluorides 1s 71%.

The reaction compounds are separated by fractional dis-
tillation.

Characterization of the products: '"F-NMR

F-NMR spectrum in p.p.m. with respect to CFCI,
(p.p.m.=0): 13.2 (1F E(O) CCF,OCF,0—); 13.0 (1F E(O)
CCF,OCF,CF,0—); =51.7, =35.3 (2F —OCE,O0—); -56.2
(3F CE,OCF,CF,0—); -57.8 (3F CE,OCF,0—); -87.5
(3F CE;CF,0—); -88.4, -90.7 (4F —OCE,CE,O—).

The conditions used in this Example and the obtained
results are summarized 1n Table 1.

Example 4

Syntesis 1n a semicontinuous way ol monoacyliluoride
CF,0—(CF,CF,0) (CF,0) —CF,C(O)F by performing
the fluorimnation of the corresponding diacylfluorides over
CsF catalyst at the temperature of 75° C.

In a 260 cc metal reactor equipped with reflux condenser,
mechanical stirrer and internal thermocouple there are intro-
duced 10 g of CsF catalyst (Aldrich®, titre 99.9%) which 1s

activated as described 1n the Example 1.

After elimination of the residual fluorine, 100 g (0.161
moles) of diacylfluoride (IIIA) are introduced, then the
reaction mixture 1s brought to 75° C. by a thermostatic o1l
bath and the reflux condenser temperature at the reactor top
at =30° C. by means of an external cryostat. A mixture
formed of 1.0 liters/h (I/h) of elemental fluorine diluted with
1.5 liters/h of helium 1s fed for a total fluorine amount of

0.13 moles.

The reaction 1s followed by analyzing the gases outflow-
ing from the reactor by IR and GC analyses which show
COF, formation and the presence of fluorine.

When the reaction 1s over, the formed products, separated
by filtration from the catalyst, are analyzed by ""F-NMR
analysis. The conversion of mitial —COF end groups to

quantitatively give —OCF; groups 1s 43% with an yield of
the fed fluorine of 97%.

The GC/MS and GC analyses have shown the presence of
the starting unreacted diacylfluorides ¢) and the formation of
the following compounds: monoacyltluoride a) and neutral
pertluoropolyether b), whose formulas have been reported in
the Example 1.

The corresponding molar percentages, determined by
gas-chromatography, are the following: a) 47%, b) 15%, c)
38%.

The yield of the monoacylfluorides a) calculated with
respect to the mitial converted diacylfluorides 1s 76%.
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The reaction compounds are separated by fractional dis-
tillation.

Characterization of the products: '"F-NMR

“F-NMR spectrum in p.p.m. with respect to CFCI,
(p.p.m.=0): 13.2 (1F F(O)CCF,OCF,0—); 13.0 (1F E(O)
CCF,OCF,CF,0—); -51.7, -35.3 2F —OCF,0—); -56.2
(3F CE,OCF.CF,0—); -57.8 (3F CE,OCF,O—); -87.5
(3F CE,CF,O—); -88.4, -90.7 (4F —OCE,CE,O—).

The conditions used 1n this Example and the obtained
results are summarized 1n Table 1.

Example 5

Syntesis 1 a semicontinuous way of monoacyltluoride
CF,O0—(CF,CF,0) (CF,0),—CF,C(O)F by performing
the fluorination of the corresponding diacylfluorides over
CsF catalyst at the temperature of 90° C.

In a 420 cc metal reactor equipped with reflux condenser,
mechanical stirrer and internal thermocouple there are intro-
duced 12.5 g of CsF catalyst (Aldrich®, titre 99.9%) which
1s activated as described 1n the Example 1. Proceeding as
described 1n the Example 1, 100 g (0.161 moles) of the
diacylfluoride (IIIA) are introduced, then the reaction mix-
ture 1s brought to 90° C. by a thermostatic o1l bath and the
reflux condenser temperature at the reactor top to —=30° C. by
means of an external cryostat. A mixture formed of 0.5
liters/h (1/h) of elemental fluorine diluted with 0.5 liters/h of
helium 1s fed for a total fluorine amount of 0.082 moles.

The reaction 1s followed by analyzing the gases outtlow-
ing from the reactor by IR and GC analyses which show
COF, formation and the presence of fluorine.

When the reaction 1s over, the formed compounds, sepa-
rated by filtration from the catalyst, are analyzed by '“F-
NMR analysis. The conversion of initial —COF end groups
to quantitatively give —OCE; groups 1s 22% with an yield
of the fed fluorine of 79%.

The GC/MS and GC analyses have shown the presence of
the starting unreacted diacylfluorides ¢) and the formation of
the following compounds: monoacylfluoride a) and neutral
perfluoropolyether b), whose formulas have been reported in
the Example 1.

The corresponding molar percentages, determined by
gas-chromatography, are the following: a) 40%, b) 9%, c)
51%.

The yield of the monoacylfluorides a) calculated with
respect to the 1mitial converted diacylfluorides 1s 82%.

The reaction compounds are separated by fractional dis-
tillation.

Characterization of the products: ""F-NMR

F-NMR spectrum in p.p.m. with respect to CFCl,
(p.p.m.=0): 13.2 (1F F(O) CCF,OCF,0—); 13.0 (1F E(O)
CCF,OCF,CF,0—); -51.7, =353 2F —OCE,O—); -56.2
(3F CE,OCF,CF,O0—); -57.8 (3F CE,OCF,O—); -87.5
(3F CE,CF,0—); -88.4, -90.7 (4F —OCE,CFE,O0—).

The conditions used 1n this Example and the obtained
results are summarized in Table 1.

Example 6

Syntesis 1 a semicontinuous way of monoacylfluoride
CF,0—(CF,CF,0), (CF,0), —CF,C(O)F by performing
the fluormation of the corresponding diacyltluorides over
KF catalyst at the temperature of 80° C.

In a 260 cc metal reactor equipped with reflux condenser,
mechanical stirrer and internal thermocouple there are intro-
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duced 10 g of KF catalyst (Aldrich®, titre 99%) dried under
gas stream 1nert at the temperature of 150° C. for two hours
and subsequently fluorinated with 1 NI/h of F, diluted with
1 NI/h of He at the temperature of 150° C. for 2 hours.

After elimination of the residual fluorine, 100 g (0.161
moles) of diacylfluoride (IIIA) are introduced, then the
reaction mixture 1s brought to 80° C. by a thermostatic o1l
bath maintaining the retflux condenser temperature at the
reactor top at —30° C. by means of an external cryostat. A
mixture formed of 1.0 liters/hour (I/h) of elemental fluorine
diluted with 1.5 liters/h of helium 1s fed for a total fluorine
amount of 0.17 moles.

The reaction 1s followed by analyzing the gases outflow-
ing from the reactor by IR and GC analyses which show
COF, formation and the presence of fluorine.

When the reaction 1s over, the formed compounds, sepa-
rated by filtration from the catalyst, are analyzed by '“F-
NMR analysis. The conversion of mitial —COF end groups
to quantitatively give —OCF, groups 15 52%; the yield of
the fed fluorine 1s 89%.

The GC/MS and GC analyses have shown the presence of
the starting unreacted diacylfluorides ¢) and the formation of
the following compounds: monoacylfluoride a) and neutral
perfluoropolyether b), whose formulas have been reported in
the Example 1.

The corresponding molar percentages, determined by
gas-chromatography, are the following: a) 66%, b) 22%, c)
12%.

The yield of the monoacylfluorides a) calculated with
respect to the imitial converted diacylfluorides 1s 75%.

The reaction compounds are separated by fractional dis-
tillation. Characterization of the products: '"F-NMR

F-NMR spectrum in p.p.m. with respect to CFCl,
(p.p-m.=0): 13.2 (1F F(O) CCF,OCF,0—); 13.0 (1F E(O)
CCF,OCF,CF,O0—); -51.7, =353 (2F —OCE,0O—); -56.2
(3F CE,OCF,CF,0—); -57.8 (3F CE,OCF,0—); -87.5
(3F CE,CF,0—); -88.4, -90.7 (4F —OCE,CE,O—).

The conditions used in this Example and the obtained
results are summarized 1n Table 1.

Example 7

Syntesis 1 a semicontinuous way of monoacylfluoride
CF,O0—(CF,CF,0) (CF,0),—CF,C(O)F by performing
the fluorination of the corresponding diacyltfluorides over
CsF catalyst at the temperature of 100° C.

In a 620 cc metal reactor equipped with retlux condenser,
mechanical stirrer and internal thermocouple and kept in an

He inert atmosphere (He flow rate 2.0 liters/h) there are
introduced 20 g of CsF catalyst (Acros®, titre 99.9%) and

700 g (1.13 moles) of the compound diacyltluoride (I1I1A) as
described 1 example 1.

The reaction mixture 1s brought to 100° C. by a thermo-
static o1l bath, maintaining the reflux condenser temperature
at —40° C. by means of an external cryostat. A mixture
formed by 1.5 liters/hour (I/h) of elemental fluorine diluted
with 1.5 liters/h of He 1s fluxed, the total fluorine amount
being of 1.87 moles.

The reaction 1s followed by analyzing the gases outtlow-
ing from the reactor by IR and GC analyses, which show
COF, formation and the presence of fluorine.

When the reaction 1s over, the formed compounds, sepa-
rated by filtration from the catalyst, are analyzed by "“F-
NMR analysis. The conversion of the mitial —COF end
groups to quantitatively give —OCF, groups 1s 75%; the
fluorine calculated yield 1s 82%.



Us 7,321,062 B2

13

The GC/MS and GC analyses have shown the formation
of the following compounds: monoacylfluoride a) and neu-
tral perfluoropolyether b). No unreacted diacylfluorides c)
have been detected. The formulas of the compounds a), b)
and ¢) have been reported in Example 1.

The corresponding molar percentages, determined by
gas-chromatography, are the following: a) 48%, b) 52%.

The yield of the monoacylfluoride a) calculated with
respect to the converted diacylfluorides 1s 48%.

The reaction mixture has been hydrolized with 150 ml of
18% HCI aqueous solution and left under magnetic stirring
at room temperature for 8 hours. The fluorinated organic
phase has been separated and the monofunctional compound
has been purified from the neutral perfluoropolyether com-
pound b) by fractional distillation through vapour stream
distillation.

The ""F-NMR, 'H-NMR and IR analyses performed on
the distillate show that 1t 1s formed mainly by the neutral
perfluoropolyethers compound b).

The residue of the distillation analyzed by '“"F-NMR,

"H-NMR and IR, corresponds to a perfluoropolyether mono-
carboxylic compound of the following formula d)

CF,0—(CF,CF,0),(CF,0) —CF,COOH d)

having a number average molecular weight of 620, m/n=4.7
and —COOH functionality of 1.0.

Characterization of the product CF,O0—(CF,CF,O)
(CF,0) —CF,COOH:

“F-NMR in p.p.m. with reference to CFCl, (p.p.m.=0):
-51.77, =553 (2F —OCE,O—); -56.2 (3F CE,OCF,
CF,0—); -578 (3F CEF;OCF,0—); -78.0 (2F —OCF,
CF,OCE,COOH); -79.8 (2F -OCF,OCE,COOH) -87. 5
(3F CE,CF,O0—); -88.4, -90.7 (4F —OCE CE,O—).

"H-NMR in p.p.m. with reference to TMS (ppm=0): 7.9
(—COOH).

IR: 1778 cm-1 (—COOH).

The conditions used 1n this Example and the obtained
results are summarized 1n Table 2.

In this example the starting compounds c¢) 1s absent
therefore 1t 1s easier the separation of pure compound a).

Example 8

Syntesis 1 a semicontinuous way of monoacyltluoride
CF,O0—(CF,CF,0) (CF,0),—CF,C(O)F by performing
the fluorination of the corresponding diacylfluorides over
CsF catalyst at the temperature of 120° C.

In a 620 cc metal reactor equipped with reflux condenser,
mechanical stirrer and internal thermocouple and kept 1n an

He iert atmosphere (He flow rate 2.0 liters/h) there are
introduced 10 g of CsF catalyst (Acros®, titre 99.9%) and

700 g (1.13 moles) of the compound diacyltluoride (IIIA) as
described 1 example 1.

The reaction mixture i1s brought to 120° C. by a thermo-
static o1l bath, maintaining the reflux condenser temperature
at —40° C. by means of an external cryostat. A mixture
formed by 1.5 liters/hour (I/h) of elemental fluorine diluted
with 1.5 liters/h of He 1s fluxed, the total fluorine amount
being of 1.34 moles.

The reaction 1s followed by analyzing the gases outtlow-
ing from the reactor by IR and GC analyses, which show
COF, formation and the presence of fluorine.

When the reaction 1s over, the formed compounds, sepa-
rated by filtration from the catalyst, are analyzed by '“T-
NMR analysis. The conversion of the mitial —COF end
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groups to quantitatively give —OCF; groups 1s 54%; the
fluorine calculated yield 1s 83%.

The GC/MS and GC analyses have shown the formation
of the following compounds: monoacyltluoride a) and neu-
tral pertluoropolyether b). Unreacted diacylfluorides ¢) have
also been detected. The formulas of the compounds a), b)
and ¢) have been reported in Example 1.

The corresponding molar percentages, determined by
gas-chromatography, are the following: a) 62%, b) 25%, c)
13%.

The vield of the monoacyliluoride a) calculated with
respect to the converted diacylfluorides 1s 71%.

The reaction compounds are separated by fractional dis-
tillation.

Characterization of the products: '"F-NMR

F-NMR spectrum in p.p.m. with respect to CFCI,
(p.p.m.=0): 13.2 (1F F(O)CCF,O CF,0—); 13.0 (1F E(O)
CCF,OCF,CF,0—); -51.7, =55.3 (2F —OCE,O—); -56.2
(3F CE,OCF,CF,0—); -57.8 (3F CE,OCF,0—); -87.5
(3F CE,CF,0—); -88.4, -90.7 (4F —OCE,CE,O—).

The conditions used 1n this Example and the obtained
results are summarized 1n Table 2.

Example 9

Syntesis 1n a semicontinuous way ol monoacyliluoride
CF,0—(CF,CF,0) (CF,0) —CF,C(O)F by performing
the fluorimnation of the corresponding diacylfluorides over
KF catalyst at the temperature of 100° C.

In a 620 cc metal reactor equipped with retlux condenser,
mechanical stirrer and internal thermocouple and kept in an
He inert atmosphere (He flow rate 2.0 liters/h) there are
introduced 10 g of KF catalyst (Fluka purum>99%) and 700
g (1.13 moles) of the compound diacylfluoride (IIIA) as
described 1 example 1.

The reaction mixture 1s brought to 100° C. by a thermo-
static o1l bath, maintaining the reflux condenser temperature
at —40° C. by means of an external cryostat. A mixture

formed by 1.5 liters/hour (I/h) of elemental fluorine diluted
with 1.5 liters/h of He 1s fluxed, the total fluorine amount

being of 1.27 moles.

The reaction 1s followed by analyzing the gases outflow-
ing from the reactor by IR and GC analyses, which show
COF, formation and the presence of fluorine.

When the reaction 1s over, the formed compounds, sepa-
rated by filtration from the catalyst, are analyzed by "“F-
NMR analysis. The conversion of the mitial —COF end
groups to quantitatively give —OCF, groups 1s 55%; the
fluorine calculated yield 1s 89%.

The GC/MS and GC analyses have shown the formation

of the following compounds: monoacyltluoride a) and neu-
tral perfluoropolyether b). Unreacted diacylfluorides ¢) have
also been detected. The formulas of the compounds a), b)
and ¢) have been reported in Example 1.

The corresponding molar percentages, determined by
gas-chromatography, are the following: a) 66%, b) 25%, c)
9%.

The vield of the monoacylfluoride a) calculated with
respect to the converted diacyliluorides 1s 72%.

The reaction compounds are separated by fractional dis-
tillation.

Characterization of the products: ""F-NMR

F-NMR spectrum in p.p.m. with respect to CFCI,
(p.p.m.=0): 13.2 (1F E(O)CCF,O CF,0—); 13.0 (1F E(O)
CCF,OCF,CF,0—); =51.7, =353 (2F —OCE,O—); -56.2
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(3F CE,OCF,CF,0—); -57.8 (3F CE,OCF,0—); -87.5
(3F CE,CF,0—); -88.4, -90.7 (4F —OCE,CE,O—).
The conditions used 1n this Example and the obtained
results are summarized 1n Table 2.

Example 10

Syntesis 1 a semicontinuous way of monoacyltluoride
CF,O0—(CF,CF,0) (CF,0),—CF,C(O)F by performing
the fluorination of the corresponding diacylfluorides over
KF catalyst at the temperature of 120° C.

In a 620 cc metal reactor equipped with reflux condenser,
mechanical stirrer and internal thermocouple and kept in an

He imert atmosphere (He flow rate 2.0 liters/h) there are
introduced 20 g of KF catalyst (Fluka purum >99%) and 700

g (1.13 moles) of the compound diacylfluonide (IIIA) as
described in example 1.

The reaction mixture i1s brought to 120° C. by a thermo-
static o1l bath, maintaining the reflux condenser temperature
at —40° C. by means of an external cryostat. A mixture
tformed by 2.0 liters/hour,(l/h) of elemental fluorine diluted
with 2.0 liters/h of He 1s fluxed, the total fluorine amount
being of 1.70 moles.

The reaction 1s followed by analyzing the gases outtlow-
ing from the reactor by IR and GC analyses, which show
COF, formation and the presence of fluorine.

When the reaction 1s over, the formed compounds, sepa-
rated by filtration from the catalyst, are analyzed by '“T-
NMR analysis. The conversion of the mitial —COF end
groups to quantitatively give —OCF, groups 1s 68%:; the
fluorine calculated yield 1s 82%.

The GC/MS and GC analyses have shown the formation
of the following compounds: monoacyltluoride a) and neu-
tral perfluoropolyether b). No unreacted diacylfluorides c¢)
have been detected. The formulas of the compounds a), b)

and ¢) have been reported in Example 1.

The corresponding molar percentages, determined by
gas-chromatography, are the following: a) 63%, b) 37%.

The vyield of the monoacylfluoride a) calculated with
respect to the converted diacylfluorides 1s 63%.

The compounds a) and b) have been separated with the
same procedure as described m ex. 7.

The residue of the distillation analyzed by '“"F-NMR,

'"H-NMR and IR, corresponds to a perfluoropolyether mono-
carboxylic compound of the following formula d):

CF,0—(CF,CF,0),(CF,0),—CF,COOH d)

having a number average molecular weight of 620, m/n=4.7
and —COOH functionality of 1.0.

Characterization of the product CF,O—(CF,CF,O)
(CF,0),—CF,COOH:

“F-NMR in p.p.m. with reference to CFCl, (p.p.m.=0):
-51.77, =553 (2F —OCE,O0—); -56.2 (3F CE,OCF,
CF,0—); =578 (3F CE;OCF,O0—); -78.0 (2F —OCF,
CF,OCE,COOH); -79.8 (2F —OCF,OCE,COOH) -87. 5
(3F CE,CF,O0—); -88.4, -90.7 (4F —OCE CE,0—).

"H-NMR in p.p.m. with reference to TMS (ppm=0): 7.9
(—COOH).

IR:1778 cm-1 (—COOH).

The conditions used 1n this Example and the obtained
results are summarized 1n Table 2.

Example 11

Syntesis 1 a semicontinuous way of monoacyltluoride
CF,O0—(CF,CF,0) (CF,0), —CF,C(C)F by performing
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the fluormnation of the corresponding diacylfluorides over
NaF catalyst at the temperature of 100° C.

In a 260 cc metal reactor equipped with reflux condenser,
mechanical stirrer and 1nternal thermocouple and kept 1n an
He inert atmosphere (He flow rate 2.0 liters/h) there are
introduced 10 g of NaF catalyst (Aldrich Chemical Co.
A.C.S. reagent 99+%) and 100 g (0.161 moles) of the

compound diacylfluonide (IIIA) as described in example 1.

The reaction mixture 1s brought to 100° C. by a thermo-
static o1l bath, maintaining the reflux condenser temperature
at —40° C. by means of an external cryostat. A mixture
tformed by 1.0 liters/hour (I/h) of elemental fluorine diluted
with 1.5 liters/h of He 1s fluxed, the total fluorine amount
being of 0.22 moles.

The reaction 1s followed by analyzing the gases outflow-
ing from the reactor by IR and GC analyses, which show
COF, formation and the presence of fluorine.

When the reaction 1s over, the formed compounds, sepa-
rated by filtration from the catalyst, are analyzed by '“F-
NMR analysis. The conversion of the imtial —COF end
groups to quantitatively give —OCF, groups 1s 66%; the
fluorine calculated yield 1s 88%.

The GC/MS and GC analyses have shown the formation
ol the following compounds: monoacyltluoride a) and neu-
tral pertfluoropolyether b). Unreacted diacylfluorides ¢) have
also been detected. The formulas of the compounds a), b)
and ¢) have been reported in Example 1.

r

The corresponding molar percentages, determined by
gas-chromatography, are the following: a) 51%, b) 45%, c)
4%.

The vyield of the monoacylfluoride a) calculated with
respect to the converted diacylfluorides 1s 53%.

The reaction compounds are separated by fractional dis-
tillation.

Characterization of the products: '"F-NMR

F-NMR spectrum in p.p.m. with respect to CFCl,
(p.p.m.=0): 13.2 (1F F(O)CCF,O CF,0—); 13.0 (1F E(O)
CCF,OCF,CF,0—); -51.7, =55.3 (2F —OCE,O—); -56.2
(3F CE,OCF,CF,0—); -57.8 (3F CE,OCF,0—); -87.5
(3F CE,CF,0—); -88.4, -90.7 (4F —OCE,CE,O—).

The conditions used in this Example and the obtained
results are summarized 1n Table 2.

Example 12

Syntesis 1n a semicontinuous way ol monoacyliluoride
CF,O0—(CF,CF,0), (CF,0) —CF,C(O)F by performing
the fluorination of the corresponding diacylfluorides over
CaF, catalyst at the temperature of 100° C.

Example 11 was repeated but using 10 g of CaF, catalyst
(Merck 99%) mstead of NakF.

When the reaction 1s over, the formed compounds, sepa-
rated by filtration from the catalyst, are analyzed by *“F-
NMR analysis. The conversion of the imtial —COF end
groups to quantitatively give —OCF; groups 1s 63%:; the
fluorine calculated yield 1s 84%.

The GC/MS and GC analyses have shown the formation
of the following compounds: monoacyltluoride a) and neu-
tral pertfluoropolyether b). Unreacted diacyltluorides ¢) have
also been detected. The formulas of the compounds a), b)
and ¢) have been reported in Example 1.

-

The corresponding molar percentages, determined by
gas-chromatography, are the following: a) 55%, b) 39%, c)
6%.
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The yield of the monoacylfluoride a) calculated with
respect to the converted diacylfluorides 1s 59%.

The reaction compounds are separated by fractional dis-
tillation.

Characterization of the products: '"F-NMR

“F-NMR spectrum in p.p.m. with respect to CFCI,
(p.p.m.=0): 13.2 (1F F(O)CCF,OCF,0—); 13.0 (1F E(O)
CCF,OCF,CF,O0—); -51.7, -35.3 2F —OCE,O—); -56.2
(3F CE,OCF,CF,0—); -57.8 (3F CE,OCF,0—); -87.5
(3F CE,CF,0—); -88.4, -90.7 (4F —OCE,CFE,O0—).

The conditions used 1n this Example and the obtained
results are summarized 1n Table 2.

Example 13

Syntesis 1 a semicontinuous way of monoacylfluoride
CF,0—(CF,CF,0), (CF,0), —CF,C(O)F by performing
the fluorination of the corresponding diacylfluorides over
KHF, catalyst at the temperature of 80° C.

In a 260 cc metal reactor equipped with reflux condenser,
mechanical stirrer and internal thermocouple and kept 1in an
He inert atmosphere (He flow rate 2.0 liters/h) there are
introduced 20 g of KH.HF(KHF,) catalyst (Aldrich Chemi-
cal Co. 99.9%) and 200 g (0.32 moles) of the compound
diacylfluoride (IITA) as described in example 1.

The reaction mixture 1s brought to 80° C. by a thermo-
static o1l bath, maintaining the reflux condenser temperature
at —40° C. by means of an external cryostat. A mixture
formed by 1.0 liters/hour (I/h) of elemental fluorine diluted
with 1.5 liters/h of He 1s fluxed, the total fluorine amount
being of 0.45 moles.

The reaction 1s followed by analyzing the gases outtlow-
ing from the reactor by IR and GC analyses, which show
COF, formation and the presence of fluorine.

When the reaction 1s over, the formed compounds, sepa-
rated by filtration from the catalyst, are analyzed by *“F-
NMR analysis. The conversion of the imitial —COF end
groups to quantitatively give —OCF; groups 1s 58%; the
fluorine calculated yield 1s 75%.

The GC/MS and GC analyses have shown the formation
of the following compounds: monoacyltluoride a) and neu-
tral pertluoropolyether b). Unreacted diacylfluorides c¢) have
also been detected. The formulas of the compounds a), b)
and c¢) have been reported in Example 1.

The corresponding molar percentages, determined by
gas-chromatography, are the following: a) 54%, b) 32%, ¢)
14%.

The vyield of the monoacylfluoride a) calculated with
respect to the converted diacylfluorides 1s 63%.

The reaction compounds are separated by fractional dis-
tillation.

Characterization of the products: ""F-NMR

“F-NMR spectrum in p.p.m. with respect to CFCI,
(p.p.m.=0): 13.2 (1F F(O)CCF,O CF,0—); 13.0 (1F E(O)
CCF,OCF,CF,O0—); -51.7, =353 2F —OCE,O—); -56.2
(3F CE,OCF,CF,0—); -57.8 (3F CE,OCF.O—); -87.5
(3F CE,CF,0—); -88.4, -90.7 (4F —OCE,CFE,O0—).

The conditions used in this Example and the obtained
results are summarized 1n Table 2.

Example 14

Syntesis 1 a semicontinuous way ol monoacylfluoride
CF,O0—(CF,CF,0) (CF,0),—CF,C(O)F by performing
the fluorination of the corresponding diacylfluorides over
KF catalyst at the temperature of 150° C.
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In a 260 cc metal reactor equipped with reflux condenser,
mechanical stirrer and 1nternal thermocouple and kept 1n an
He inert atmosphere (He flow rate 2.0 liters/h) there are
introduced 10 g of KF catalyst (Fluka purum>99%) and 200
g (0.165 moles) of the following diacylfluoride compound
(I1IC):

F(O)CCF,O—(CF,CF,0), (CF,0),—CF,C(O)F (T11C),
average number MW (MN) 1210, m/n ratio=2.11 and func-
tionality in —COF end groups of 1.87 and functionality in
—QOCF, end groups of 0.13, determined by '"F-NMR. The
diacyltluyoride (I11C) has been prepared as described in U.S.
Pat. No. 3,847,978.

The reaction mixture 1s brought to 150° C. by a thermo-
static o1l bath, maintaining the reflux condenser temperature
at —40° C. by means of an external cryostat. A mixture
formed by 1.0 liters/hour of elemental fluorine diluted with
1.5 liters/h of He 1s fluxed, the total fluorine amount being
of 0.24 moles.

The reaction 1s followed by analyzing the gases outtlow-
ing irom the reactor by IR and GC analyses, which show
COF, formation and the presence of fluorine.

When the reaction 1s over, the formed compounds, sepa-
rated by filtration from the catalyst, are analyzed by "“F-
NMR analysis. The conversion of the mitial —COF end
groups to quantitatively give —OCF, groups 1s 72%; the
fluorine calculated yield 1s 93%.

The reaction mixture has been hydrolized with 50 ml of
18% HCI aqueous solution and left under magnetic stirring
at room temperature for 8 hours. The fluorinated organic
phase has been separated and the monofunctional compound
has been purified from the neutral pertluoro polyether com-
pound b) by fractional distillation under vacumm (0.7 mm
Hg) 1n the temperature range from 40° C. to 120° C. 1n order

to separate mainly the neutral perfluoropolyethers com-
pound b) (90 g).

The "F-NMR, "H-NMR, IR, GC/MS and GC analyses
performed on the residue of the distillation (90 g) show that
this 1s constituted of a perfluoropolyether mono-carboxylic
compound of the following formula d')

CF,0—(CF,CF,0),,(CF,0),—CF,COOH d’)

with the following analytical features:
number average molecular weight (Mn) of 1420,

m/n=2.08,

—COOH functionality 0.96,

end groups CF,O— functionality 1.04.

From the mass balance of the products recovered after
distillation it 1s drawn that in the fluorination reaction are
formed the monoacylfluoride compound a) and the neutral
pertluoropolyether b). The above analytical data show that
diacylfluonides ¢) are absent from the reaction mixture.

The yield of the 1solated monoacyltluoride a) calculated
with respect to the converted diacyltluorides 1s 38%.

Characterization of the product CF,O—(CF,CF,O)
(CF,0) —CF,COOH:

F-NMR in p.p.m. with reference to CFCL, (p.p.m.=0):
-51.7, =553 (2F —OCLE,0—); -56.2 (3FECF;OCF,
CF,0—); -57.8 (3F CE,OCF,0—); -78.0 2F —OCF,CF,
OCE,COOH); -79.8 (2F —OCF,OCF,COOH) -87.5
(3F CE,CF,0—); -88.4, -90.7 (4F —OCE,CE,O—).

'H-NMR in p.p.m. with reference to TMS (ppm=0): 12.5
(—COOH).

IR: 1778 cm-1 (—COOH).

The conditions used in this Example and the obtained
results are summarized 1n Table 2.
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TABLE 1

Examples 1-6. Summary of the features and obtained results.
In the Table, a), b) and c¢) are as defined in Ex. 1;
a) indicates monoacylfluoride, b) the neutral
perfluoropolyether, ¢) the starting
unreacted diacylfluoride.

yield a) %

with %
Conv. respect to mol. int.
—COF reacted final
—OCF;/  diacylil. I reaction
M.W. T(°C.,) —COF,,, (a+b) conv.% mixture
EX. way (III) Catal. reaction mol. % % mol. mol. a) b) ¢
1 semicont. 620 CsF 90 54 71 81 56 23 21
2 " 620 CsF 90 73 48 06 48 51 1
3 " 460 CsF 63 59 71 86 69 28 3
4 " 620 CsF 75 43 76 o7 47 15 38
5 " 620 Csk 90 22 82 79 40 9 51
6 " 620 KF 80 52 73 89 66 22 12
TABLE 2
Examples 7-14. Summary of the features and obtained results.
The headings of the columns in the Table are the same as in Table 1.
yield a) %
with %
Conv. respect to mol. int.
—COF reacted final
—OCF;/  diacylil. reaction
M.W. T(°C.) —COF,,, (a+Db) F, mixture
EX. way (III) Catal. reaction mol. % mol. % conv. % a) b) ¢
7 semicont. 620 CsF 100 75 48 82 48 52 0
8 " 620 Csk 120 54 71 83 62 25 13
9 " 620 KF 100 35 72 89 66 25 9
10 " 620 KF 120 0% 63 82 63 37 O
11 " 620 Nak 100 06 53 8E 51 45 4
12 " 620 Cak, 100 63 59 84 55 39 6
13 " 620 KFEF.HF 80 58 63 73 54 32 14
The 1invention claimed 1s: (CR,R.CF,CF,0O) wheremn R, and R are equal to or
1. A process for the synthesis of (per)tluorinated mono- different from each other and selected between H, Cl,
functional carbonyl compounds having the following for- and wherein one fluorine atom of the perfluorom-
mula: 4> ethylene unit 1s optionally substitued with H, Cl or
FA—(Rp),—B—COX, i (per)lluoroalkyl: . .
| wherein the carbonyl groups of a (per)fluorinated di-
wherein: functional carbonyl compound of formula:
X,=F, CFj;;
t=0. 1: 50 X,(0)C—A—Rz)—B—C(O)X, (I1T)
A, B equal to or different from each other, are indepen- wherein:
dently C,-C; (per)fluoroalkylene groups or linear or X,, R, t, A and B have the above meanings:;
branched (_:1_'(:5 (per)tluorooxyalkylene groups, option- X,, equal to or different from X,, has the same mean-
ally containing one or more Cl and/or H atoms; o ings as X,
Ry 1s selected from the following groups: are fluorinated with elemental fluorine in the presence of
—Rf,—, —OR{,0— whereimn Rf,=C,-C,, pertluoro- a catalyst based on metal fluorides having formula
alkylene; MeFy.zHF, Me being an alkaline or alkaline-earth
—ORI1,—, whereimn R1, 1s a perfluorooxyalkylene chain metal or Ag, y=1 or 2, z being an integer equal to O,
containing one or more of the following units statisti- carrying out said reaction at a temperature in the range of
cally distributed along the backbone: 40° C. to 300° C. such that it leads to the formation of
(C5F0), selected between (CF,CF(CF;)O) or (CF C(O)FX wherein X, 1s as above, said fluorination being
(CF3)CE,0); carried out by using a fluorine amount which at most 1s the
(CFX,0) wherein X, 1s F or CFj5; necessary amount to obtain the total conversion of the
(C,F,0); 65 starting compound (III).
(CF,(CF,) CF,0O) wherein x' 1s an integer equal to 1 or 2. A process according to claim 1, wherein, when t=0 and

2; X,=X,=F, A or B 1s different from —CF,—.



Us 7,321,062 B2

21

3. A process according to claim 1, wherein the A and B
groups 1n the formulas (I)-(I1I) are selected from the fol-

lowing:

~ CF,—, CF(CF,)—, —CF,CF,—, —CF,CF,CF,,
— CF,,CF(CF,)—,—CF(CF,)CF,—, —CF(OCF,)—,
— C(OCF,),—, —C(CF,) (OCF,)—.

4. A process according to claim 1, wheremn when
R, ~=0OR1{,—, the perfluorooxyalkylene chain Ri, 1s
selected from the following:

a') —(CF,CF,0),,(CF,0),,(CF,CF(CF;)0) (CF(CF;)0),

(CF,CF,CF,0),
b') —(CF,0),(CEF,CE(CE;)0),(CE(CE3)0) ,—,
¢') —(CF,CF,0),,(CF,0),—,
wherein:
m 1s 1n the range from 0 to 100,
n 1s in the range from O to 100,
p 1s 1n the range from 0 to 60,
q 1s 1n the range from O to 60,
r 1s in the range from 0 to 60, m+n+p+g+r being=0 and
the average molecular weight of —ORIf,— in the
range 16-12,000.

5. A process according to claim 4, wherein in the formula
¢') when m and n are both present, m/n ranges from 0.2 to
12 and the number average molecular weight of —ORI1, 1s
within the values indicated 1n claim 4.

6. A process according to claims 1, wherein the reaction
temperature ranges irom preferably from 40° C. to 200° C.

7. A process according to claims 1, wherein the gaseous
fluorine, optionally diluted with a gas inert under the reac-
tion conditions, 1s fed at the above temperatures until
obtaining a conversion percentage of the mitial carbonyl end
groups 1n the range 5%-90%.

8. A process according to claims 1, wherein the fluorine
conversion 1s higher than 80%.

9. A process according to claims 1, carried out i a
semi-continuous or continuous way.

10. A process according to claims 1, wherein the metal
fluoride catalysts, are selected among the following:

alkaline or alkaline-earth metal fluorides selected from the

following: CsF, KF, RbF, LiF, NaF, CaF,, BaF,, MgF,,
Srl s ;

Agl';
said catalysts being used as such, or mixed with each other
or optionally supported on porous material.
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11. A process according to claim 10, wherein the metal
fluorides are CsF, KF, NaF, Cal.,.
12. A process according to claims 1, wherein the di-

functional carbonyl (per) tluorinated compounds of formula
(III) are selected from the following:

X5(0)CCFY,—O(CF50),,(CF,CF(CF3)0) (CF(CF5)
0),—CFY,C(0)X,,

X,(0)CCFY,—O(CF,CF,0), , (CF,0),—CFY,C(O)
X,
wherein:

X, X5, equal or different, are as above,

Y,, Y-, equal or different, have the X, meaning, m,
n, p, q are as above.

13. A process according to claam 12, wherein the com-
pounds of formula (III) are selected from the following:

F(O)CCF,O(CF,0), —CF,C(O)F,
F(O)CCF,O(CF,CF,0) _—CF,C(O)F,

F(O)CCF,O(CF,CF,0) _(CF,0) —CF,C(O)F,

wherein m and n are as above defined.
14. A process according to claims 12, wherein the formula
(III) compounds are selected from the following:

F(O)CCF,OCF,C(O)F, F(O)CCF,OCF,OCF,C(O)F,
F(O)CCF,OCF,CF,OCF,C(O)F,

F(O)CCF,OCF,OCF,CF,OCF,C(O)F, F(O)
CCF,OCF,OCF,OCF,C(O)F,

F(O)CCF,OCF,CF,OCF,CF,OCF,C(O)F.

15. A process according to claim 7, wherein the conver-
s1ion percentage of the initial carbonyl end groups 1s in the
range 10%-380%.

16. A process according to claim 4, wherein the average
molecular weight of —OR{,— 1s 1n the range of 16-6,000.

17. A process according to claim 4, wherein the average
molecular weight of —OR{,— 1s 1n the range of 60-4,000.

18. A process according to claim 1, wherein the (per)
fluoroalkyl has 1 to 4 carbon atoms.
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